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(57) Non-reducing saccharides including alpha-gly- 
cosyl trehaloses, alpha-glycosyl alpha-glycosides and 
trehalose are easily produced by cultivating microorgan- 
isms capable of producing non-reducing saccha- 
ride-forming enzyme in nutrient culture media which 
contain reducing partial starch hydrolysates with glu- 
cose polymerization degrees of 3 or higher. The yields 
for these saccharides are significantly improved by fur- 
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ther subjecting the reducing partial starch hydrolysates 
to starch-debranching enzyme and/or eye lomaltodextrin 
glucano-transferase in or not in culture media. The re- 
sultant non- or less-reducing saccharides commonly 
bear desirable properties in addition to a mild and gentle 
sweetness. Thus they would find extensive uses in a va- 
riety of compositions including food products, cosmetics 
and medicines. 
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M J!r ^ to non-reducing saccharide and its production and use, in particular, to a non-reducing 

sacchande and less reducing sacchar.de containing the same which are obtainable by cultivating a microorganism 
■ capable of producing non-reducing saccharide-forming enzyme in a nutrient culture medium which contains one or more 

thTsa3a^ 

Trehalose (alpha.alpha-trehalose) has been known from ancient times as non-reducing saccharide composed of 

> ?nT nk? \ T C of, ln ^ dvances in Carbohydrate Chemistry, published by Academic Press Inc., NewYork New 

> York, USA, Vol.18, pp.201-225 (1963) and Applied and Environmental Microhtalnnv Vol.56, pp 3 213-3 215 199m 
its trace but extensive distribution is found in microorganisms, mushrooms and insects. Since as is trehalose non-re- 
ducing saccharides cause no aminocarbonyl reactions with substances bearing amino groups such as amino acids and 
proteins and therefore neither deteriorate nor alter them, the saccharides have been deemed to be useful in utilizina 
and processing such substances with no fears of their browning and deterioration: Thus establishment of processes 
which would enable their industrial-scale production has been in great expectation 

rtJSlZnT bSen TT prOCesses to produce trehalose - f <" sample, those using microorganism cells as 

disdosed l.n Japanese Patent Koka, No. 1 54,485/75 and those converting maltose by combination of maltose phospho- 
rylase and trehalose phosphorylase. The former process using microorganism cells is however inadequate forindustri- 
al-scale process because the trehalose content in microorganism cells as starting material is generally low. i.e less than 
ll^J" l T T 1 ? 9 ? 8 appeared hereinafter mean "w/w %" unless specified otherwise), and the extraction and 
purificat.onsteps for trehalose are very complicated. While the latterprocess using maltose phosphorylase and trehalose 
phosphorylase has not been realized in industrial scale due to the demerits that both enzymes commonly act via glu- 
cose-1 -phosphate and th.s hinders elevated concentrations for substrates, that the yield for trehalose is low because 
both enzymes irreversibly act in the same reaction system, and further that such reaction system is very difficult to stablv 
maintain and smoothly proceed. 7 

In connection with this, Gekkan Food Chemical (Monthly Food ChemicalV "Recent Aspects and Issues in Utili- 
zation and Development of Starch". August, pp.67-72 (1 992) comments in the corner of "Oligosaccharides" that although 
rehalose would have very extensive uses, its enzymatic production using any direct saccharide-transferring or hydro- 
yzing reasons has been deemed to be scientifically impossible at the present time, confirming that the production of 
treha ose from starch as material using enzymatic reactions has been deemed to be scientifically impossible 
«,h J?T! T k T Wn ^ at partial starch hydrolysates. for example, liquefied starch, dextrins and maltooligosaccharides 
whKDh are all produced from starch, generally exhibit reducing powers due to the reducing end groups in their molecules 
Such a partial starch hydrolysate will be designated as "reducing partial starch hydrolysate" in this specification The 
reducing powers of reducing partial starch hydrolysates on dry solid basis are usually expressed by "Dextrose Equivalent" 
or DE . Also is known that reducing partial starch hydrolysates with higher DE values, which are generally small mol- 
ecules, exhibit low v. S cos,ties and strong sweetening powers, as well as high reactivities to substances with amino 
smeT and deteno^atton Pr ° teinS * ""^ am ' ,nocarbon ^ reaction leadin 9 to browning, unpleasant 

The characteristics of reducing partial starch hydrolysates vary dependently on the magnitudes of their DE and 
her fore the relationship between particular reducing partial starch hydrolysates and their DE values is very important 
It has been however believed in the art to be impossible to cut off this relationship 

The sole method to cut off the relationship is to change reducing partial starch hydrolysates into non-reducing sac- 
m^hoH^ SXamP !: I C ° nvertin 9 their reducin 9 9roups into alcohol groups by high-pressure hydrogenation This 
method however needs h.gh-pressure autoclaves, safety facilities and careful control to prevent disasters, as well as 
StTrnh Z? large amo "" ,s <* hydrogen and energy. Further the obtained saccharide alcohols differ from reducing partial 
s arch hydrolysates in the point that reducing partial starch hydrolysatesconsistofg.ucose moieties, while the saccharide 
dpma h t ! Kr I 056 SOrbit0 ' ,hiS may C3USe ,ransien ' 'digestion and diarrhea. Thus it has been in great 
demand to establish any methods by which the reducing powers of reducing partial starch hydrolysates are decreased 
or even e immated without changing glucose moieties which compose reducing starch hydrolysates 
sacJSS^ fnrmfn 6 ' ^ J™* 018 disc,ose ^Panese Patent Application No.349.21 6/93 a novel non-reducing 

fo^fno 0^ h 9 8nZym ! ( Srred t0 35 ° non - reducin 9 saccharide-forming enzyme" hereinafter) which is capable of 
vTZrT? saCChar,des beari "9 at '"sir ends trehalose structures from one or more reducing partial starch 
at theSf ! * U H CO *\^y™"™«™ Agrees of 3 or higher, thus establishing non-reducing saccharides bearing 
a „ " i 3 h f ° S ! StrUCtUr6S ,6SS redUdn9 saccna ^es containing the same, as well as establishing 

a process to produce trehalose from these saccharides using the non-reducing saccharide-forming enzyme 

nrrltir 51 ? ' nVe .?T f ,S ° diSC, ° Se in Japanese Pate nt Application No.79;29l/94 a novel trehalose-releasing en- 
gine! , 38 i re ^ a,ose - rel asin 9 enzyme" hereinafter) which specifically hydrolyzes the linkages between th 
trehalose mo.eties and other mo.eties in non-reducing saccharid s with glucose polymerization degrees of 3 or higher 
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as well as establishing a process to produce trehalose at a relatively high yield where the non-reducino «wv*«riH. , 
•ng enzyme and trehalose-re.easing enzyme are used in combination. ?t was however found 

■pHBlillf! 

tllllll 

RG ; n s V h^r,h W J « OW , b f " ,UStrated - ^ ™» « «»"*•• wrth reference to the dJS^^SS^' 
Rhi^ym specle^M 1 1 P8ratUre ° n the activity of the non-reducing saccharide-forming enzyme derived from 

spec"s^^^ 

r G ' 3 Sh ° WS thermal S,abimy ° f non " reducin 9 saccharide-forming enzyme derived from Rhizobium species 

ArthSSi S Q36 mPefa,Ure ° n ^ 3Ctmy ° f non - d - in 9 saccharide-formln^Te derived^ 
^■pVdeTQ^ effeCt °' PH ° n aCtm °' thS <»™**** saccharide-forming enzyme derived from Arthro- 
Q36 <^-7shows the thermal stability of the non-reducing saccharide-^ 

Q36 F ' G S Sh ° WS PH S,abMity ° f thS "Cueing saccharide-forming enzyme derived from Arthrobacter species 

FIG.9 shows the elution patterns on DEAE TOYOPFARl for thn i ro h.i^ . 
saccharide-forming enzyme both according to the ^S n f « n treha,ose -^s.ng enzyme and non-reducing 

.pacta £ i" 0 " 8 effeCt ° f ,emPSra,Ure ° n thS M * of the trehalose-reieasing enzyme derived from Rhizobium 
^ RQ.11 shows the effect of P H on the actrvity of the trehalose-re.easing enzyme derived from Rhizobium species 

sp cZs oU S eKeCt °' ,8mPeratUre °" ,he aC,iVi,y °' ,he '-halose-releasinglnly^erLd .rom Arthrobacter 

Q36 F.G. , 5 shows the effect of pH on the activty of the trehalose-re.easing enzyme derived from Arthrobacter species 

Detailed Description of the Inv ntinn 

First, the non-reducing saccharide-forming enzymes feasib.e in the present invention are those which are capab.e 



EP 0 690 131 A1 



10 



15 



20 



25 



30 



3S 



40 



45 



SO 



55 



of forming alpha-glycosyl trehaloses from one or more reducing partial starch hydrolysates with glucose polymerization 
degrees of 3 or higher Examples of such an enzyme include those derived from microorgan sms oTSe genera Rh£T 
^Arth^^Breyib^^ 

w^ch are disclosed in Japan Patent Application No.349.216/93. While the trehalos e-releasing Tzl es iS^S 
hose wh,ch specifically hydrolyze the linkages between the trehalose moieties and the other n^i^E^E^ 
trehaloses wh,ch have been formed by subjecting one or more reducing partial starch hydrolysis *£lm 
SSJ! T - °' 3 ° f o i9her t0 non - reducin 9 saccharide-forming enzyme: Examples of J^^J^^E 
T^ZZS^^l,^ 2 ^' - m~ which are all £ZZ 

Nutrient culture media to be used in cultivation of such a microorganism are those which contain one or mn«» 
reducing partial starch hydrolysates with glucose polymerization degrees of 3 or higher aHu^Se for fo™t£ Z 
non-reducing saccharide-forming enzyme and where the microorganism can.grow ^f^^^S^S^ 
or T"™ ' neC6SSary - ° nS C3n arbitranly USS con *inatbn other carbon sources includTnc sTcha^es 

L c nfnH P ' 9 I rU ?° Se ' maltOS6, ' aCtOSe - SUCrOSe ' mannito '' sorbitol and "**»—. organic aSs^ch as 
acid and succinic acid and their salts. Preferred concentrations for reducing partial starch ^d^aa^^S^Z 
are retet.ehy high, in particular, 3 w/v % or higher, desirably, 5-40 w/v %, more oJ^SS^^T^S^ 
of n.trogen sources are inorganic salts such as ammonium salts and nitrates and organic nitrogen cor^unds S Z 
ur a. com steep liquor, casein, pepton. yeast extract and meat extract. Example of i^SS^Z^S? maone 

salts ^£TT T S ' Sa,tS ' P hoS P hates ' ^^sse sa,ts. zinc salts, iron salts, copper saTs m££Sm 

salts and cabalt salts. If necessary, amino acids and vitamins can be arbitrarily used moiyraenum 

Cultivation is usually carried out under aerobic conditions at 4-40 8 C, desirably 20-37'C and at oH4 in docirow 
PH5-9. Cultivation time is set to a level where microorganisms can proliferate For" example. To 'oo'hou" Th "are 

tTrf^oT SP " mitati0n , S in OXy9en concentration cultures but preferred levels a e u^T^nT For 
this purpose one can control aeration, stir, supp.ement oxygen and/or elevate the pressure in fermenters CuE^on 
can be carried out in batch, continuous or semicontinudus manner. lermenters. cultivation 

Non-reducing saccharides can be formed and accumulated in cultures by cultivating a microorqanism caoable of 
S, C 7 "hkT^ 9 saccharide - fo ™9 in a nutrient culture medium which S^SS^^SSS^ 

nu^lrTTT W ' th P' UCOS8 P°'y merization ^rees of 3 or higher. It is favorable to supptemenTor add in 
.Zrll T% d , Um9 CU ' ,,Vati0n 3 non - reducin 9 saccharide-forming enzyme or trehalose-relLTng eSyme n 
order to accelerate the formation of non-reducing saccharides or to form and accumulate trehalose tfn3ST2£ 
is favorable to elevate the forming rate for trehalose by adding to nutrient culture media during cuttllto !S2a£SZ 
agents such as anion or non-ionic surface-active agents and/or lytic enzymes such as egg white lysozy^e The non e 
duc.ng sacchar.des formed and accumulated in this manner are present in a liquid part which has beTn freed oTclL 
by subjecting cultures to filtration or centrifugal separation. pan wn.cn nas been freed of cells 

,J a U " Ur8S "J** contain ^-reducing saccharides are first prepared into cell-free liquids by conventional solid/liauid 
separation methods, for example, filtration and centrifugal separation and the liquids are then concent red decoded 
with.activated carbon, deionized with ion exchanges of H- and OH-forms and further cc^cen!^ 
nennto syrup products. These products may be further dried into powder. I, necessary, it bS£££^S£££; 
of non-reduc,ng and less reducing saccharides containing the same to apply whole cultures to membran Set S 
as plain .Iters or hollow fibers to remove both cells and soluble polymers such as proteins and nuclTic acids o to rtr^l 
first insoluble substances by centrifugal separation, then soluble polymers by membrane^^ 
decoloring and deionizmg for purification. Next the enzymes which are invoked in the formation ?™£Z£Z£f!£ 
chandes according to the present invention will be explained reaucmg sac- 

Enzymatic activities are found in both cells and supernatants of cultures and therefore one can recover them as 
crude enzyme preparat.on or use whole cultures intact as crude enzyme preparation To remov Tcel sTom cu^res 
conven ,ona. so.id/liquid separation methods are employed. For example, one^an a*ttiiy^? n ^ U SiS 
rc^ Z* t0 Centnfu 9 al nation, another method where cultures are separated by filtra.bn us^q o^e 

coated filters, and st.ll another method where cultures are separated by membrane filtration using p^me^es and 

ConZT^ I" " qUi< ? US6d 38 CfUde 6n2yme Dre P aration but are concentrated pr or ,o use 

mZTalZTl ! ° U :' f eXamP ' 8 ' by amm0niUm SU,,a,e P- cj P«a«ion method, ace.one/alcoho. precipitin 

method and membrane concentration using plain membranes and hollow fibers 

bind^'lT " qmdS and ,h6ir C 1 ° ncen,ra,es can be immobilized in conventional manner. For this purpose, for examp.e 
b ndmg to ,on exchanges, covalent attachment or adsorption to resins and membranes and entrapment usinq po3 ers 
a e employed. Cells, which have been separated from cultures, are used intact as crude enzym pXara, ion or immo- 
Nzed pr.or o use. For examp. , cells are first mixed with sodium arginate, then dropped and gelatinized TcateZ 

££2TJ2 r^'! 0 ™ ThS 9ranU ' S may be ,Urther treated witn Polyethyleneimine ofg.ut^ ^^"dehyde One 

can extrac enzymes from cells and use the extract as crude enzym liquid For example, cells are s^cted fi r S"n 
u.trason,ca, d.srupfion. mechanicai disruption using glass beads and aluminum or French press dta£!an^££ 
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°' e s^r« S ; 10 C r ,r !l Ugal se P arati °" °' membrane filtration, thus obtaining a transparent crude enzyme liquid 
Such an enzyme l,qu,d is used intact or further purified in conventional manner prior to use For examr^e TrL* 

fiSvzXhe^ ,r r m .° U,tUre h3S bSen SUbj6Cted ,0 Sa,,ing out b * -mmi,l sZe ^Z^aZ * 
first dialyzed, then purified on anion exchange column chromatography using "DEAE TOYOPFARi « 

of which are products of Tosoh Corp.. Tokyo. Japan, thus obtaining an electrophoretically homogenous enzyme prep- 

ertiel! 16 n0rWedUCin9 sacc ^"de-forming enzymes thus obtained generally bear the following physicochemical prop- 

10 

(1) Action 

cose ^^^f^^^ " Pan '" SttrCh h WSa " S - *- 

15 (2) Molecular weight 

About 76,000-87,000 daltons on SDS-gel electrophoresis. 

(3) Isoelectric point 

2Q About pl3.6-4.6 on Ampholine electrophoresis. 

(4) Optimum temperature 

Around 35-40°C when allowed to react at pH7.0 for 60 minutes! 

(5) Optimum pH 

25 About PH6.4-7.2 when allowed to react at 40°C for 60 minutes. 

(6) Thermal stability 

Stable up to about 35-40°C when incubated at pH7.0 for 60 minutes. 

30 (7) P H Stability 

About pH5.5-11 .0 when incubated at 25°C for 16 hours. , 
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While the trehalose-releasing enzymes obtained as above generally have the following physicochemical properties: 

(1) Action 

a.pha^.tTeharo?i C s al,y ^ treha '° Se ™ ieties and ^ <*~ ««« in 

(2) Molecular weight 

About 57,000-68,000 daltons on SDS-gel electrophoresis. 

(3) Isoelectric point 

About pl3.3-4.6on Ampholine electrophoresis. 

(4) Optimum temperature 

Around 35-45°C when allowed to reacted at pH7.0 for 30 minutes. 

(5) Optimum pH 

About pH6.0-7.5 when allowed to act at 40°C for 30 minutes. 

(6) Thermal stability 
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Stable up to about 30-45°C when incubated at pH7.0 for 60 minutes. 

(7) pH Stability 

About pH5.0-10.0 when incubated at 25°C for 16 hours. 



oy Ihe Somogy,-Nelson method. As control, an enzyme liquid which has been Inactivated by heatino « Ton"? ETin 
reduong po„. r by „. micrcmole lor I minute In terms ot the amount ol glucose unfleVffie aLveTsL in«L^! 

rcrr,x^^^^ 

Other amylases, in particular, those which act on a solution of liquefied starch with a relativelv low DF tn 

?SS^" ah P °' ymeriZa,fon dfl 9 rees °< ^ or higher as predominant Zu^TtJZo^ uJZ 

a ong with the above mentioned starch-debranching enzyme and/or cyclomaltodextrin , glucanotransferase 
of such an amylase include alpha-amy.ase. maltotriose-forming amylase, mafloWraoaeS^^ 
ose-form.ng amylase, maltohexaose-forming amylase and maltoheptaose-forming amylase ^^Itopenta- 
Terrestrial starches such as corn starch, rice starch and wheat starch and subterranean starches such as ootato 
starch, sweet potato starch and tapioca starch are all feasible in the present invention. T Mk£?Zi a starch s 
usually suspended ,n water, desirably, to 10% or higher, more desirably, to about 20-50% hea ed and suSd n 

2T^Z nzy T1 or acid , 'jr ,action - The ,iquefaction de9ree is ^^^^t^. 

acid or oxa £ ^ Us ulZ** " ^ ^ «** '° r 6Xamp,e - at firs ' ^rochloric acid, phospSc 

Seabed dhT Z^fV ? T Carb ° nate ' CalCiUm ° XidS ° f SOdium is used neutralization to 

to~^rl P ^' f£ q yin9 W ' th enZymSS ' a 'P h a-amyla S es. in particular, heat-resistant liquefying alpha-amv° 

thic ° r more / edUCing partial starch nydrolysates with glucose polymerization degrees of 3 or higher obtained in 

^n,r nne »H Can faV °L ably USGd 38 saccharide sou ™ ** non-reducing saccharides and less .SSSi 

SET" tf" 1 ! CUltiVati ° n aCCOrd,n9 ,0 thS pr8Sent Mention Commercial.y-avai.ab.e reS 

d olysates.can be also favorably used. The timing to incorporate such a reducing partial starch hydTotsTte Tnutrien 

Xll?:^ 18 IT* Ch °, Sen " Can bS incora ° rated before or during cultivation as tarlsZTZZ^- 
cha rides are formed. In case of cultivating continuous or semicontinuous manner, during cultivation fo^mD^ a irt 
of culture where non-reducing saccharides have been formed may be taken out and a Ls^nMZZT^umoi 

^ucTnT^ C ° n,ain / edUCin9 Partia ' S,arCh n V dro| ysates is then supplemented to the c ,tu"e " ° f 

Reducing partial starch hydrolysates which are obtainable by subjecting a liquefied starch to starch HPh«n,h- 
enzyme and/or cyclomaltodextrin glucanotransferase are most suitable: 1^^ ,!^^^^^^ 
ZZTf*' ln 3 , nU,r,en ' CU " Ure mediUm C ° ntainin 9 a reducin 9 P artial starch hydrolysate which has been separated 
cSSiS ^™™ S 3 " qUefied SterCh — ^ -—nching en^S 

ronton J T 9 ' h " e c y cloma,tod extrin glucanotransferase, about 0.05-100 units/g solid The cultures 

JSSSS^uc^l^ 10 ' TT W ° rding a.pha-glycoside' includes afpha-D ohgog ucosy" 

ThetSt » 1 L ' SC,OSed JaPan6Se Pa,6nt A PP |ica «°" No.54,377/94 by the present appLnt 
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fractionation using column chromatographies such as ion exchanga column chromatography, activated carbon column 
chromatography and silica gel column chromatography, fractional precipitation using organic solvents such as alcohol 
and acetone, separation using membranes with appropriate separating abilities, f rmentation treatment by yeast and 
alkali treatment so as to remove or to decompose the remaining reducing saccharides, if necessary 

It is favorable in industrial-scale production to use ion exchange column chromatography on strongly-acidic cation 
exchanges, for example, those disclosed in Japanese Patent Kokai Nos.23.799/83 and 72.598/83 so as to remove 
contaminant saccharides and also to increase the contents for objective non-reducing saccharides In this case one 
can arbitrarily choose fixed bed method, moving bed method and simulated-moving bed method 

If necessary, one can degrade non-reducing saccharides bearing trehalose structures within their molecule* or less 
reducing saccharides containing the same with alpha-glucosidases oramylases, for example, alpha-amylase beta-amy- 
lase and g ucoamylase so as to control their sweetening and reducing powers and/or to decrease their viscosities and 
alternatively, hydrogenate the remaining reducing saccharides into saccharide alcohols so as to eliminate their reducing 
powers. a 

Especially trehalose can be easily produced by subjecting non-reducing saccharides bearing trehalose structures 
within their molecules or less reducing saccharide containing the same to glucoamylase or alpha-glucosidase- IMon-r - 
ducng saccharide or less reducing saccharide is subjected to glucoamylase or alpha-glucosidase into a mixture solution 
of rehalose and glucose which is then subjected tothe above mentioned purification methods, for example ion exchange 
column chromatography so as to remove glucose and also to recover trehalose-rich fractions. The fractions can be 
purified and concentrated into a syrup product which may be further concentrated to a supersaturated state and crys- 
tallized into crystalline trehalose hydrate or anhydrous crystalline trehalose. 

To produce crystalline trehalose hydrate, for example, a high-trehalose content liquid, purity of about 60% or higher 
concentration of about 65-90%, is placed in crystallizer and gradually cooled at 95°C or lower, desirably at 10-90'C if 
necessary, in the presence of 0. 1 -20% seed crystals to obtain a massecuite which contains crystalline trehalose hydrate 
In this case, one can favorably employ continuous crystallization method where trehalose is crystallized while concen- 
trating under reduced pressure. Examples of methods which yield crystalline trehalose hydrate or saccharide mixture 
solid containing the same from such a massecuite include conventional crystal separation method, block pulverization 
method, fluidized-bed granulation method and spray drying method. 

Crystal separation method is suitable to produce crystalline trehalose hydrate with an elevated purity where 
massecurtes are usually fed to basket-type centrifuge where they are separated into crystalline trehalose hydrate and 
mother liquor, after which the former crystals are sprayed with a minimum amount of chilled water for washing In spray 
drying method, massecuites. concentration of 70-85%. crystallizing ratio up to 20-60%. are usually sprayed through a 
nozzle combined with a high pressure pump, dried within a stream of hot air at a temperature where crystalline powder 
does not melt, for example. 60-1 00°C and aged in a stream of hot air. temperature of 30-60'C. for about 1-20 hours 
thus easily obtaining non- or less-hygroscopic crystalline mixture solids. In the block pulverization method, massecuites 
with moisture contents of 10-20%, crystallizing ratio up to 10-60%, are usually crystallized by allowing to stand for about 
0.1-3 days into solids ,n block form which are then pulverized and dried by cutting or scraping, thus obtaining non- or 
less-hygroscopic crystalline mixture solids. 

While to produce anhydrous crystalline trehalose, crystalline trehalose hydrate is converted by drying and alterna- 
tively a concentrated high-trehalose content liquid, moisture content less than 10%. is usually placed in crystallizer and 
stirred at 50-1 60'C desirably, 80-140'C, in the presence of seed crystals to obtain a massecu'e which is^then 
lized and pulverized, for example, by block pulverization method, fluidized-bed granulation method and spray drying 
method under relatively hot and dried conditions. a 
The non-reducing saccharides and less reducing saccharide containing the same both according to the pres nt 
nvent,on thus obtained neither cause browning and unpleasant smell nor damage in other substances, in particular 
£™L *T° 3C , S 'J; U ? 33 amin ° 3CidS ' oli 9°P e P ,ides and P«>teins when mixed or processed therewith because 
Indl^i? S?K ?? t0 ,h6ir decreased reducin 9 P° wers - F »<«™ 'he saccharides are low in reducing power 
sweetnS 9 ' UC ° Se pol y merization de 9 rees commonly exhibit a high^uality and mild 

r,rJjT B ' XhB , Saccharides are Rested, absorbed and utilized as calorie when orally intaken because they are de- 
linoSlhS^ 5 k" Pa,1iCU Jf ' . PanCre3S a, P ha - amv,ase in '° sma " non-reducing oligosaccharides and smah maltoo- 
S ha " Z I T read " y d69raded by a| P ha -9'^osidase and small intestine enzymes to form glucose together 
w,th trehalose which is then degraded into glucose by trehalase. Still further the saccharides are feasible as less dental 
caries-causative sweetener because they are hardly fermented by dental caries-causative microorganisms Still further 
sacchar,des bear °ther desirable properties such as osmosis controlling ability, shape imparting ability, gloss im- 
parting abiy, moisture retaining ability, viscosity, ability of pr venting crystallization of other saccharides, d creased 
fermentability and ability of preventing retrogradation of gelatinized starch 

h « JIT , t rehalos H e i acco t rd J nQ . to the present invention can be favorably used for energy supplementation to living bodies 
becaus ,t ,s readHy metabol.zed and utilized with no fears of toxicity and side effect when parenterally used in intubation 
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stable sweetener. nyaroxyethyl starch and polyvinyl pyrrolidone because trehalos acts as 

high^ailty solid products incWiaTpTeT^ Js ZSS " >Sr< ' < * '° ' a °" te,S - °< »« 

<"ven^c,z;r^^^^ 

ilol. mantel, tecttol. dlhySk^fsS^^ 

^:t~'™ *~ L - asp - 

granule, globe, rod. pla,e. cbo a™. tS,^' 9 ' a "° b * K "" W ° •»**. 

'"ven^LlTo^ ,hS — "* -> »» P— 

.hey „o superiorly harmonize ^T^^^l^^^^r^T^^"^'''^ 
delicious and biner tastes substances witfi other types ol tastes such as sour, salty, astringent. 

soy zzz&zszzzsjz rt^sr-zs? * uch - -*» — 
;crsrr^ r :r;;^ 

sugar and coffee sugar ' "~ ™" ' nue,e,c ac,a mixed seasoning, -mi*-, -shin -mirin**, table 

o^^cT^ 

"mizuyokan", "kingyoku" jelly castella and -a^L™ X ' ' man i u - u,ro ■ bean pastes, -yokan', 

cookie, pie, pudding bo^S^^c,!^^ COn,ectioneries •«* « bun, biscuit, cracker, 

caramel and candy; frozen ^ T d ° U ^ choco,ale - chewi "9 gum, 

pastes such as flour paste peanut pastTf mit oLi T 7 ' yfUPS S " Ch 38 P reserved and "kori-mitsu"; 
lade, pressed fruits'and ve^oles and W^^£E"^ T T S " Ch 35 jam ' marma: 

"senmai-zuke" and "rakkyo-zuke- stocks LotL^rnrtLt P^'** Products such as "fukuzin-zuke", "bettara-zuke", 
^meatproductssuchasVam^^^^ 

■chiku wa' and "tenpura- re.isZchS So shbS T f f ' Sh maat ^ fiSh meat Sausa 9 e ' 'tan-boko-. 

•nimame". potato salad and "konbu-maki" "mllk^S.JJ ^,lh ' T ' ma " f ' Sh 3nd She,,fish; da ^ dishes su <* ™ 
as those of fish meat. meat. iS^^S^S^S^ luT 1 C8nnad b ° tt,ed products such 

alcoholic drinks; soft drinks such as cof?ee tl a ™ " ? ' Synth8tiC Sake " ,iquors and Western-style 

lactic acid bacteria; convenle!^ drink ' ,actic acid a " d d "nk containing 

other types of food products JulWw^^^SS u TT^ " Sokuseki - shiruk °" and convenient soup; and 
dried foods. f ° 0dS ' treatment food s. bottled beverages, peptide foods, chilled foods and 

bees, silk worm and fish. They areTsXoTabl used I in! !f f , 33 ,h ° SS f ° r d ° m8S,iC animal8 - P oul,ries ' non ^ 
'^-^rette.^^ 

cod liver oil drop, oral refreshing agent and gargle aen, " nce ' l,p s,,ck - "P cream - "temal med.cme. tablet, troche. 
-dST^ 

^habioac.ivesubstancearefy^n^ ^ SUSCe P ,ible to Activation. Example of 

factor-alpha, tumor necrosis laet^X^^^ ,n,erferon - beta . interferon-gamma. tumornecrosis 

and inteLkin 2; tJ^^^Z^S^ m ^ S ' imUla,in9 transf r ,act - 

biological preparations such as ^^^^S^T^^SS ^ ry, t lr ° POietin and fo,licle s,imu,a t'"9 hormone; 
cin , smallpox vaccine, tetanus J^^r^S^^S!:, ^ VaCC,ne -, meas,es vaccin ^ poliomyelitis vac- 
e^^chroramphenicouetra;^^ 
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10 



is 



35 



40 



45 



SO 



55 



L-ascorbic acid, cod liver oil, carotenoid, ergosterol and tocopherol; enzymes such as lipase elastase urokin*^ „ 

t!HO^~"^^^T tormhB fr ° m n ° V8 ' "'^ganisms Rhizobium species M-11 and A, 

i ODa r s P ecies Q36 - ,hen l hose from conventional -microorganisms will be expte^ed! 

Experiment 1 

Production of non-reducing saccharide-forminr, pn ^ e from Rhi^bium species M-11 

A liquid culture medium consisting of 2.0 w/v % maltose, 0.5 w/v % pepton 0 1 w/v % yeast extract n 1 °/ 

Experiment 2 
Purification of en^y mo 

exchange ch ro rnCS^^^ , TSr^J' ,D ^ ^ ^ ^ aPPlied «° ton 

Pf^^ytS^u^SS^ 8 ^ ° n "° EAE TOYOPEARL -- — therefrom with a fresh 

Led were diafyzS agls, a ' esh I ° ^ Kdbm The e W™*™»V active fractions thus ob- 

and centrifuged toTemovL lo ub!e subsfancL J TIT ^ additiona,| y contai ™9 *M ammonium sulfate 

column chromatographrriom' 'BUTYL ^^iS^^"^ ^IT" ^ ,U * C,Qd ,0 hydr ° ph ° bic 
was eluted therefrom I under a 3ar oradlnt ri^ , ~ Sn2yme Which had been adsort >ed in the column 
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Table 1 



Purification stage 


Enzymatic activity (unito 


Specific activity (units/mg protein) 


Yield (%) 


Intact culture 


26,800 




100 


wu r on loiai it ui utoiupiou CUITUr6 


on onn 


0.10 


76 


Liquid immediately after salting out by 
ammonium sulfate 


16,100 


0.32 


60 


Eluate of ion exchange column 
ch romat rag raphy 


11.300 


5.5 


42 


Eluate of hydrophobic column 
chromatography 


5,730 


98 


21 


Eluate of gel filtration 


3,890 


195 


15 



Experiment 3 
Properties of enzyme 

The fait l^SZSSTto^ ? T? Sn2V ™ " ere ' m ~<**~>'* ««*nc. with fta a*ay m.mod. 

P e,a,u re o, .ha e ^eT s - r lhe O0,,mum — 

7.0 when allowed to react at 40-c tor f?n mil T,, , P minutes, while the optimum pH, about 

while the pH stability, about pH6-9. P ^ h6rma ' 8tab,lrty was U P to about 40 ° C ' 

Experiment 4 

Preparati on of non-reducing saccharides 

Tokyo, Jaw . „ as used to ,„ a ^. M srw, o ,: 2 ,s r™o;~'''' * *- 

sace^pl ' pT '™ "Tv ard?" ^'n'o 0^"°" C °" SiS ' M °' resMua ' subs " aMs »" a '«™> 

m a i tose . a gner , e B5 /o or h, 9 ner No saccharides were newly formed from glucose and 



10 



EP 0 690 131 A1 

Table 2 



Substrata 


Reaction product 


Elut ion 
on HPLC 


(min) 


composition 

(%) 


Glucose 


Glucose 


33 . 4 




X UU . U 


Maltose 


Maltose 


28.5 




100.0 


Maltotriose 


PI 

Maltotriose 


23 .3 
25 .9 




35.0 
65.0 


Maltotetraose 


PII 

Maltotetraose 


21 .6 
24.1 




85.6 
14.4 


Maltopentaose 


PHI 

Maltopentaose 


19.7 
22.6 




92.7 
7.3 


Maltohexaose 


PIV 

Maltohexaose 


18.7 
21.4 




93.5 
6.5 


Maltoheptaose 


PV 

Maltoheptaose 


17.8 
21.0 




93.4 
6.6 



Note : 



f«™H l t' P i T ' PIII » PIV and PV represent newly 

formed saccharides from maltotriose , maltotetraose, 
maltopentaose, maltohexaose and maltoheptaose as 
substrate respectively. 

mJr n JT r l ° P w i,y n6W,y f ° rmed saccharides from respective reaction products, the reaction products were de- 

Th^in 1 T J' n ^ 9e d69ree ° f 4% ' commercial * ed by Tokyo Organic Chemical Industries. Ltd., Tokyo. Japan 

^r^ZS^L^ J / aC 0 f ed " StainleSS Stee ' COlL,mnS ' lnner diam8,er ° f 20cm - ,en 9 ,h of 1 m - and columns 
^SS^riSc^i ■^«?' reac ° n P roduct a9a'nst the resin while retaining the temperature inside the columns 
tint ? T P aSSed , W : ,h 55 C W3,er at SV ° 13 ,0r ' rac t*°na.ion. fol.owed by recovering high-purity fractions with the 
SS^,S!Z^ e T d 89 °' 97% " hi9h6r The ,raC,i0nS WSre VophiNzed into respective h^pu^ 

JbSfiS f« J,? 8 T d ^ r0m res ? ec,ive 8"b»t«tes on dry solid basis were about 9% for saccharide PI 
about65/„forsacchar l dePII,about82%for saccharide PIN, about 80% for saccharide PIVandabout 77% for saccharide 

ooviN^ISmS^T' 3110 " 5 °' ' he neWlV f ° rmed saccharides determined for reducing power by the Som- 
ogy.-Nelson method and represented in terms of DE. The results were as shown in Table 3 

As ev.dent from the results in Table 3, there were detected trace reducing powers in each preparations The trace 

be ZLnnT W ° U,d ^ ,0 P ° SSib,e r6SidUal r6dUdn 9 ^"ooligosaccharides from the'subTate wh£ mTght 
be present ,n the pre P arat,ons and all the newly formed saccharides would be substantially non-reducing. 
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Table 3 



Saccharide preparation 


Purity (%) 


DE 


PI 


97.5 


0.83 


Pll 


98.6 


0.35 


PHI 


99.5 


0.10 


PIV 


98.4 


0.27 


PV 


98.4 


0.23 



Experiment 5 



75 Maillard reaction 



20 



Solutions of 10% saccharide preparation PI Pll Pin PiVnr P\/nr^^- i- 



25 



30 



35 



40 



45 



50 



55 



Table 4 



Saccharide preparation 


Coloration degree at 480nm 


Remarks 


PI 


0.027 


Present invention 


Pll 


0,018 


Present invention 


Pill 


0.012 


Present invention 


. PHI 


0.016 


Present invention 


PIV 


0,015 


Present invention 


Maltotriose 


0.623 


Control 


Maltotetraose 


0.475 


Control 


Maltopentaose 


0.369 


Control 


Maltohexaose 


0.318 


Control 


Maltoheptaose 


0.271 


Control 



mar^t^^^ * *° -w. y formed saccharides P,. P„. P,„. P1V and PV 

hardly caused Maillard reaction. saccharides formed by the novel enzyme according to the present invention 

Experiment fi 

Enzymatic hydrolysis by qlucoamy lasfl 

Fifty milligrams of the non-reducing saccharide preparation PI Pll Pin P iv nrDU „ ^ . 
dissolved in Iml of 50mM acetate buffer ton* « ^hL . Z 1 PV P re P ared In Experiment 4 was 

Corp.. Tokyo/Japan, incubated aM^C toTe hour. t W ?"* °' the ^ cos ^^ commercialized by Seikagaku 
high-performance ^^t^^^^S^ T^T^ pr0duc,S OT 

contents, trehalose contents and ^^^^af^^^ 35 S °' e PM The ^se 

non-reducing saccharide PHI three a ucosl mo^f,.!, w ' 9,UC ° Se molecules and °™ trehalose molecule; 

glucose mo.ecu.es and one lr^?^rS!^S- 1° m ° l8CU,e: n ° n - reducin 9 saccha » d * « V teu 

ena.ose molecule, and non-reducng saccharide PV. five glucose molecules and one tre- 
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is 



20 



25 



30 



Saccharide Preparation 


Glucose (%) 


Trehalose (%) 


Molar ratio (glucose/trehalose) 


PI 


36.2 


63.8 


1.07 


PN 


52.0 


48.0 


2.06 


PHI 


61.4 


38.6 


3.02 


PIV 


68.3 


31.7 


4.09 


| PV 


72.9 


27.1 


5.11 



areboundtoonetrehalosTm^ 
degree of 5 where three glucose moleTutes are ^ 

ducing saccharide with a glucose Xme'^ ^ ' aaechaM » P ' V ' Sti " another non - re - 

molecule; and saccharide PV stiH aXr n^ ltl k ! 9 ' UC ° Se molecules are b °""d to one trehalose 
mo.ecu.es are bound lo one l a^ ^ 

saccharides PI and Pll were not dearader/r™ L , ' ^ SUbj t Ctl "? to beta-amylase sim.larly as above, non-reducing 

one saccharide P. molecule* ^ "~ "* ™ M and 

polymerization of substrates in She woST icc^T , accom P anies either degradation nor 

. and alpha-trehalose respectively)" ( ' " a " d T mean 9 ' UCOSe residue - an inte 9 er °' 1 °r more 
35 Experiment 7 



40 



45 



so 



Degradat ion by other enzymes 

^Sl^X^ r 7 PV 38 SUbStrat6S in E *P"<™nt 4 were 

al. of which were prcdu^^^^^ and acetone-pulverized rat smal. intestine enzyme. 

on high-performance liquid chromatoo^ht w sacch^ v 0' ^ ^ de 9 radation P rodu ^ were analyzed 

by dissolving tOmg of ertheVsub^ 
and incubat^g a. 37°C fS ^ 

a.pha-amy.ase except tharsOmM aceta^^ W3S COndUC,ed as in the case of 

enzyme, the reaction was conducted stitl a ■ £ the c^T , . T °' ace,one -P u,veri2ed small intestine 
(PH6.0) was used. The saccharide comDosft^rtnThrH !■ a,pha - am >" ase exce P« «hal 50mM maleic acid buffer 



55 
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Table 6 



Composition in degradation 
Saccharide product by alpha-amylase <z> 

preparation ' ■ — 



PI PII G3 G2 Gl 



30 



35 



40 



45 



50 



PI 



97.3 



2.3 



0.4 



0 



15 


PII 


0 


98.8 


0.4 


0.8 


0 


20 


PHI 


61.0 


4.8 


.0 


33.0 


1.2 




PIV 


47.2 


3.3 


40.4 


7.5 


1.6 


25 


PV 


10.2 


44.9 


35.3 


8.6 


1.0 



NOtS: SiS he tab l e ' 1 G3 ' G 2 and Gl represent maltotriose , 
maltose and glucose ; respectively . 

whi.« A L e nH en ^ r0m reSU ' tS ' n Tab,S 6 ' saccharide Preparations PI and PII were hardly degraded by alpha-amylase 

2issan?ss z^z rrr ded by a,pha - amy,ase in ™ 

Table 7 



Saccharide preparation 


Composition in degradation product by alpha-glucosidase (%) 


Glucose 


Trehalose 


Others 


PI 


36.5 


63.0 


0.5 


PII 


52.1 


47.6 


0.3 


Pill 


61.7 


38.1 


0.2 


PIV 


69.5 


30.2 


0.3 


PV 


71.4 


28.3 


0.3 



While as evident from the results in Tables 7 and a, saccharide preparations PI PII Pill PIV and PV were fonnH 
Table 8 



55 



Saccharide preparation 



PI 



Composition in degradation product by acetone-powdered rat small intestine 



Glucose 



37,2 



enzyme (%) 



Trehalose 



62.4 



Others 



0.4 



.Continuation of the Table on the next page 
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Saccharide preparation 


Composition in degradation product by acetone -powdered rat small intestine enzvme r%> 


Glucose 


Trehalose 


Others 


Pll 


52.5 


47.1 


0.4 


Pill 


62.0 


37.6 


0.4 


PIV 


• " " ' 68.8 


30.8 


0.4 


PV 


73.4 


26.5 


0.1 



i r, P H»n h ,h T i l' alpha-glucosidase and acetone-pulverized rat small intestine enzyme were further sub- 
cted to the pig kidney trehalase commercialized by Sigma Chemical Co.. St. Louis, Missouri USA at pH5 7 art 37-C 
n'slJ £"S th6n f nal ^ d l° rsaccha ^e composition on high-performance liquid dt^Ji^^^r^ 
,n saccharide preparations PI, Pll. Pill. PIV and PV. the trehalose which had been formed by alpha-g ucoTiSe o 
acetone-pulvenzed rat small intestine enzyme was degradable into glucose by the trehalase 9'^os.dase or 

As described above, 

i!2rI h hHwH n T edU , Cin9 s t f; haride - formin 9 enzyme forms alpha-glycosyl trehaloses from one or more reducing partial 
decrees ^ with glucose polymerization degrees of 3 or higher without changing their glucose polymerization 

(2) Non-reducing saccharide PV yields non-reducing saccharide Pll and maltotriose as predominant products when 
These results suggest that the non-reducing saccharide-forming enzyme according to the present invention provides 

r v Sn= 

Experiment 8 
Acute toxicity 

Acute toxicity tests were conducted on the non-reducing saccharide preparations PI, Pll. Pin, PiVand PV prepared 
n Expenment 4 where they were orally administered in 7 week-old dd mice. As the result. ^ n^ZS^S^ 

Kl££r?h 1 7nSf, \ UbStanCeS ^ n ° anima ' d8a,h Was ° bserved *»" mice SJSSSEt 
highest dose. Thus the LD50 of these saccharides were briefly 50g/kg or higher. possible 

Experiment 9 

Production of non-reducing saccharide-forminn enzvme from Arthrobacter « PB H»« nas 

Arthrobacter species Q36 (FERM BP-4316) in place of Rhizobium M-11 (PERM BP-4130) was cultivate in te , 
ZZ w^n " ^ 1 a =^-ducing JS£S^^l S 

Experiment 10 
Purification of enzvme 

The culture, about 18 liters, obtained by the method in Experiment 9 was purified similarly as in Experiment 2 Thp 
results in respective purification stages were as shown in Table 9. Experiment 2. The 
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Purification stage 



Intact culture 



Supernatant of disrupted culture 



Liquid immediately after salting out by 
ammonium sulfate 



Eluate of ion exchange column 
chromatography 



Table 9 
Enzymatic activity (units) 



21,600 



17,500 



Eluate of hydrophobic column 
chromatography 



Eluate of gel filtration 



15,700 
12,600 



8,820 
5,290 



Specific activity (units/mg protein) 



0.14 



0.41 



6.5 



98 



201 



Yield (%) 



100 



81 



73 



58 



41 



24 



•imii^ e,ect '°P ho ; esin 9 the purified enzyme preparation obtained as eluate of gel filtration in the staaes in Tabi* a 
similarly a8 ,n Experiment 2 to determine its purity, it was found a single protein band J^m^^^^LI 
preparation was electrophoreticaily homogenous and high in purity. suggested that the enzyme 

Experiment 11 
Properties of enzyme 



respectively. The thermal stability was up to about 40°C. while the P H stability about 6.0-9.5 
Experiment 12 

Preparat ion of non-reducing saccharides 
a^^ 

,re ?T es ;i om one or more reducin9 partiai starch ^ ^b^ST^z 

of 3 or h.gher s.m.larly as the non-reducing saccharide-forming enzyme denved from Rhizobium speci m 11 9 
Experiment 13 

Producion and properties of non-rednr-inq HK teMrtWw enzymes Iron, .nnvenlional 

mJHTJ^'^' '°T a,ton ol ""■'"luclng saccharides arW confirmation ol ineir structures in accordance will, Ihe 
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ium species M-11 
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and Arthrobacter species Q36 t then those from conventional microorganisms. 
Experiment 14 



Production of trehalose-releasinq enzvme f rom Rhizobium species M-11 

A liquid culture medium consisting of 2.0 w/v % "PINEDEX #4" a n^rti^i e t Q r.K k ^ • . 
Matsutani Chemical Industry, Co., Ltd Kyoto Japan OSw^^^T !^ ^olysaXe commercialized by 



Experiment 15 
Purification of enzvme 



when a Iresh preparation ofWsaro bSStSL'^ST f °™ " a '" e ™ m *° d " m Chl0rlde """""I™*™ 

and trehatos.-releas^ ^° 8 M.rt alT^ul ' ^ =**aride.,ormino enzyme 

anden^ca^^^^^^ 

,o h^obic o^ssss ~ sjss; ^^ovoPEZ%Tr ad Ti e su6s,anc * s and appiiM 

thecolumn underalinear Gradient deori>inn f ,™ adsorbed enzyme was eluled Irani 

active Iractions.SubseZmS^^^^^ 

w,. nc.. r edu,„ 9 sacSoS^r^ 

ac,4~^ 

preparations were J^^^I^ZLZ^^Z^ *~ ** ™*™ 
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Table 11 


Purification stage 


Enzymatic activity (units) 


Specific activity (units/mg protein) 


Yield (%) 


Intact culture 


28,500 




100 


Supernatant of disrupted culture 


22,900 


0.12 


80 


Liquid immediately after salting out by 
ammonium sulfate 


21,100 


0.43 


74 


Eluate of ion exchange column 
chromatography 


15,200 




53 


Eluate of hydrophobic column 
chromatography 


7,950 


101 


28 


Eluate of gel filtration 




197 


21 



10 



15 



0 



Table 12 



Purification stage 



Intact culture 

Supernatant of disrupted culture 



Enzymatic activity (units) 



37,400 



Specific activity (units/mg protein) 



Yield (%) 



100 
84 



31,500 



Liquid immediately after salting out by 
ammonium sulfate 



0.17 



29,200 



0.60 



78 



Eluate of ion exchange column 
ch romatography 



25,400 



5.3 



68 



Eluate of hydrophobic column 
chromatography 

Eluate of gel filtration 



18,700 
11,600 



98.5 
240 



50 
31 



Experiment 16 
Properti es of trehalose-releasino enzvme 

around 45°C when allowed to resrt at nH7 n on . w '. p ■ The °P Urnu ™ temperature was 

at 40-C for SoSISea uherL T Wh " e the ° P ' imUm pK about 6 °" 7 5 allow ^ to react 

(PH7.0) a. I ^r^tC^tul ^S^T f ""T" * iflCUba,in9 ^ enZ * me h 5 ° mM ph ° Sphate buff " 
he p H stabi",y wa W " h W3t6r and aSSayi " 9 ,he residual enz V matic activities. While 
16 hours ad ZuZ to nH?»Z mCUb * l ' ng the en2vme 50mM phosphate buffer of different P H levels at 25'C for 
thermals^^ The results were as shown in RG, 2 for Z 

stability, about 5-10. P * 6 ,h6rmal S,ab " ,,y °' ,he en2 y me was up to ab °"' 40"C. while P H 

Experiment 17 

Preparation of trehalose fr om alpha-olynosvl trehalose 

A.pha-g.ycosy.treha.osesas substrates were prepared in accordance with the method described in Japanese Patent 
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« / T' CUiar,V - 20% aqU8 ° US SO,Uti ° nS ° f ™>ltotriose, maltotetraose, maltopentaose mal- 

non r!^Z k 2 T 38 redUC ' ng Partia ' StarCh ^rolysate ^re added with 2 units/g substrate solid of a puS 
non-reducing sacchande-form.ng enzyme obtained by the method in Experiment 15. reacted at 40'C and P H7 Star 2 
2 n rh I* ,na ? Vation ' filt red ' d ™™«> concentrated, in conventional manner and applied to ion exchangt 
column chroma ography on a strongly-acidic cation exchange -XT-1016" in sodium form. The ion exchange Sn was 
packed ,n 3 jacketed-sta.nless stee. columns, inner diameter of 2.0cm. length of 1 m. and the colum^fwere cai adTd 
tariad w,th 5 v N % reaction saccharide liquid against the resin and injected with 55'C water at SVO 1 3 E££E££ 
TT g J 6 emperatUre inside the «"">™ at 55-C, thus obtaining high-purity preparations , oTrSSSSS 
trehl" t- T! POlymenZati0n de 9 rees of 3 ° r higher. Among these high-purfty prepays the gS 

^ US^ZZ^t 3 ^ ? hT° ; ma ' tOSyl treha,OS8 Prepara,i ° n ' 98 6% the maltotnosy, t ehaLCi 
arat,on. 99.6 /„, the maltotetraosyl trehalose preparation, 98.3%; and the maltopentaosyl trehalose. 98.1%. 

Table 13 



Substrate 


Reaction product 


Elution time on HPLC (min) 


Composition (%) 


Glucosyl trehalose 


Trehalose 


27.4 


17.5 




Glucose 


33.8 


6.5 




Glucosvl trphalnco 


23.3 


76.0 


Maltosyl trehalose 


Trehalose 


27.4 


A A O 




Maltose 


28.7 


AA A 




Maltosyl trehalose 


21.6 


11.3 


Maltotriosyl trehalose 


Trehalose 


27.4 


39.5 




Maltotriose 


25.9 


60.0 




Maltotriosyl trehalose 


19.7 


0.5 


Maltotetraosyl trehalose 


Trehalose 


27.4 


34.2 




Maltotetraose 


24.1 


65.5 




Maltotetraosyl trehalose 


18.7 


0.3 


Maltopentaosyl trehalose 


Trehalose 


27.4 


29.1 




Maltopentaose 


22.6 


70.6 




Maltopentaosyl trehalose 


17.8 


0.3 


Maltotriose 


Maltotriose 


25.9 


100 


Maltotetraose 


Maltotetraose 


24.1 


100 


Maltopentaose 


Maltopentaose 


22.6 


100 


Maltohexaose 


Maltohexaose 


21.8 


100 


Maltoheptaose 


Maltoheptaose 


21.0 


100 
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added°w1t A h » "n h T S ? n ;"- ducin 9 brides - a.oha-glycosy. trehaloses were prepared. 

40-C and dH7 o for k I PU " f,ed trehalos e-releasing enzyme obtained in Experiment 15. reacted at 

WB T ^nr * dei0n ' 2ed and SUbjeC,ed ,0 ^-performance liquid chromatography on "WAKO BEADS 

^^SS^^^uSUSSto STTf ^ C ° h n, [ 01 " ma,, ° triOSe ' mallole — • -.topentaSse" ma.toZose and 
~ma^ as above and then ana,y 2 ed on 

As evident from the results in Table 13, 

moill^^ SP , eCi ! iCa " y hydr ° lyZeS the ,inka9eS be,ween trehalose ™ ie " es and glycosy. 

^««^1^3!^ y, ehalOS6S 10 ' 0rm treha '° Se 3nd fedUCin9 saccharides with glucose po.ymerLic^ 

(2) Maltooligosaccharides are not susceptible at all to the trehalose-releasing enzyme 
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Chemical Co., St Louis Missouri USA Jth th« trTh a,3Se denved from the P'9 kldne V commercialized by Sigma 
Experiment 18 

Preparation of trehalose from reducin g partial stamh hvdrolvsatPs 

to gel filtration chromatography on 750ml "TOYOPEARL hww*- = ^ . ?t C °° led t0 60 C and sub 'i ec ^ 
reducing partial starch hy^lysates ^Z^S^^ ^ ' ^ ^ » 

a 9^^^^^^ - f-ing partial starch hydrolysate with 

non-reducingsaccharide-forrningenz^ bUffer ^ added w "h the purified 

1 5 in respective amounts of 4 unLg substrate so^ ? ^ h Ex P erim ^ 

and ana^zed on high-performance^uid ch^JJ^I^^ ^ " *™» 

9 .uco^^ ZT* «" ^ with 50 solid of the 

lymerization degree of reducing parti^S h^h^tp"^ m . ? *■ ^ ^ h ' 9her the 9 ' UCOSe P°" 

was revealed that the purity of trehalose SSlSS^SSl?^'? 8 ^ ° ^ WaS attainable - A,so 

has been exposed to ^f^ 9 * 9 ,ucoam >" ase the action mixture which 

grees of 3 or higher into trehaS and glucose alpha-glycosy. treha.ose with glucose polymerization de- 
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Experiment 1Q 
Maillard reaction 

absorbane, a, 4«,nm. As cLol. ™ £ ludT^^^Zrjr ""TT ? 

ance al 480nm. The results were as shown in Table 15. similarly as above and Iter, measured lor absorb- 



Saccharide preparation 


Coloration degree as tested at 480nm 


Remarks 


Trehalose 


0.006 


Present invention 


Glucose 


1.671 


Control 


Maltose 


0.926 


Control 



whttwH^ C ' U " d 3 ,raCS CO, ° ra,i - b * Ma"** reaction 

to the presem i-enLn ^1 ^ P^** acceding 

amino acids when mixed therewith. ' fd reaCt '° a ThuS the sacch ^ide less damage 

Experiment 20 

T st for assimilation in vivo 

(^30^ VOU , No ,, p P ,00-203 

P ft red J? t0 K 2 h ° ^ % aqUe ° US SO,Uti ° n and ° ral * adminis^ed to hX men age Q fss 27 17 ,? S PrS " 

maxima about 0 5-1 hour X admims^on *"T "* ^ b '°° d S ° 9ar 3nd inSU,in leve,s reach ^ 

and then metabolize I and ^IS^tC^ ^ ' treha,OS6 *" ^ di " Sted 3nd 9bSOrbed 

Experiment 21 

Acute toxicity test 

pos.,b,e blohes, dose. ^ ££ZZ£Z^^'X£ "** — * "° — "» " - 

Experiment 22 

Production of trehalose-releasinn enzvme from Ar, h robac t ef gnwfiia , n ^ 

in i^SSS^ es M-11 (PERM BP-4130, was cuit.ated 

in the culture was about 1.3 unitZf whNe ^S^ii^ V " "^ride-forming enzyme 

was about 1.8 units/ml After aswL^^Ll,-* f a ( ,ose ; re,eas,n 9 enzyme according to the present invention 
Experiment 14. there TweVe foundln ? he ^.^ V Ce " sus P ension supernatant similarly as in 

about 0.5 uni«a£^^ 0 5 Uni ' S/ml non ' reducin 9 saccharide-torming enzyme 

saccharide-forming enzyme^U^ 
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Experiment 23 
Purification of enzvme 

A culture, about 18 liters, obtained by the method in Experiment 22 was purified similarly as in Exnerimpnt 1 k tk« 



10 


Table 16 


Purification stage 


Enzymatic activity (units) 


Specific activity (units/mg protein) 


Yield (%) 




Intact culture 


23,700 








Supernatant of disrupted culture 


22,400 


0.15 


95 


IS 


Liquid immediately after salting out by 
ammonium sulfate 


20,200 


0.51 


85 




Eluate of ion exchange column 
chromatography 


15,100 


6.5 


64 


20 


Eluate of hydrophobic column 
chromatography 


8,450 


115 


36 




| Eluate of gel filtration 


6,120 


217 


26 


25 


The purified non-reducing saccharide-forming enzyme and trehalose- re leasing enzyme obtained as e 
f,ltrat.on ,n the stages ,n Tables 16 and 17 were electrophoresed similarly as in Experiment" 5 teSSSL 
ITSS 9 Pr ° te,n ^ WQre Sin9 ' e ^ b ° th P-^,-zymes were electrophoret^ 


sluates of gel 
u*jm \j\ purity, 
dus and high 


30 


Purification stage 
Intact culture 


Table 17 
Enzymatic activity (units) 
32,500 


Specific activity (units/mg protein) I 


Yield (%) 
100 




Supernatant of disrupted culture 


30,100 


0.19 


93 


35 


Liquid immediately after salting out by 
ammonium sulfate 


25,400 


0.72 


78 




Eluate of ion exchange column 
chromatography 


22,700 


22.3 


70 


40 


Eluate of hydrophobic column 
chromatography 


15,200 


215 


47 




Eluate of gel filtration 


11,600 


497 


36 



45 



SO 
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Experiment 24 
Properties of enzvme 

a purged Ue^^J 03 ' 90 ^^ ** e,ec,ra P h °^ as in Experiment 1 6. the mo.ecu.ar weight of 

festino Te ? , 9 enZ T S ° b,a ' ned by ,he me,hod in E^erimen. 23 was about 57.000-67,000 da Itons After 

test.ng the enzyme sim.larly as ,n Experiment 3. its isoelectric point was about 3 6-4 6 Effects of te^eran/™ „m 

TnRG TfoMhe * ^ ^ ' M *» * S E *^™< 1 * w^ as shown 

!he pH sfcSi.y Pefa,Ur 6 ' '° r ,ha e,,ec ' °' P H ' in F'O - 1 6 ** the thermal stability and in FIG 17 to" 

abou?6 tTsT^l^r^ ,em e era,ure of tne en ^^ around 45°C. while the optimum pH 

about 6.0-7.5. The thermal stab.l.ty was up to about 45'C. while the pH stability, about 5.0-10.0. 
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Experiment P5 

Preparation of trehalos e from alpha-qlycosvl trehalose 

that the enzyme'eleased .IlSS^ h ****** 1 7. revealing 

from Rhizobium species M-11 H ycosynrenaioses similarly as the trehalose-releasing enzyme derived 

Experiment 26 

Production and Properties of trehalose-releasing en^™ f r om convents, mi 

Among conventional microorganisms, Brevibacterium helobolum <ATCCMRor>\ 3 r,n ka- 
(ATCC1B6) which had been confirmed for pro duction of the tre S^SJZ ^l * 1 M,crococcus .r°seus 
tion were cultivated at 27°C in fermenter for 72 hour^ mi^r ! c 9 6nZym8 accorcl,n 9 to the P^sent inven- 

degrees of 3 or h?gh£Td.al£, Sr,2«,edZlr»? 9> T >Sy ,' '" ha ' 0SeS 9 " ,co5e P^erfcation 
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Experiment 27 



Effect of saccharide sour ces on the formation of trehalose by cnmwtinn 



% yeast extract, 0.1 w/v % disodium hydrogen phosphate 0 1 w/v % ootis^m dihvZn!n'n h h . T 
strerily adjusted to pH70 and 50m, aliens of ^ licuid^ nS^SS^SSS ESE.™ 
a seed culture of Arthrobacter species Q36 (FERM BP-4 316 ) and cultivated at 27'C and IX pm tor 7?hcts ?S 
hfnh m rifl? UrCeS " S f ? C ° Se ' ,rUCtOSe ' ma ' tOSe ' mallo,ri ^. maltotetraose, maltopentaose TETRUP" as 
Japa "and ^S^SST^TS " T* DE3 ° Mm ^ ad ^ Hayashibara Shoji, Co.. Ltd . O^yl? 
Japan, and PINEDEX #3 as powdered starch syrup of about DE20 commercialized by Matsutani Chemical Ind Co 

the CU,tUr - S WSre SUbj8Ct8d ,0 Centrifu 9 al se ? arafon ™* trehatose contend nSmh in 

the resultant supematants were measured on high-performance .iquid chromatography. The results were asS in 



Table 1 9 



Saccharide source 


Trehalose content (mg/ml) 


Glucose 


1.5 


Fructose 


1.8 


Maltose 


2.6 


Sucrose 


2.3 


Maltotriose 


18.4 


Maltotetraose 


39.7 


Maltopentaose 


46.2 


High-maltotetraose content starch syrup with DE30 


32.7 


Starch syrup with DE25 


34.4 



Experiment 28 

Effect of reducing partial starch hvrtroly sates and e n r yr ms on the format,™ „f trenalosfi ht/ nil , tiwgti „ n 
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Table 20 





Saccharide 
source 


alpha-Amylase 
m * against 
starch solid 


DE 




Enzyme 


added 




10 




Non 


D 


C 


D + C 






0.1 


2.5 


18 


76 


71 


80 


15 




0.4 


4.8 


20 


65 


62 


71 


20 




0.6 


7.8 


21 


57 


52 


63 




Added 


1.0 


12.5 


21 


52 


47 


56 


25 




1.2 


14.8 


23 


45 


41 


51 






1.5 


17.3 


18 


39 


37 


47 


30 




2.0 


20.5 


12 


35 


33 


45 


35 


Non added 






2 


2 


2 


2 



40 



45 



NOt6: SrtL e 1 T S le \ S rf a y ide SOUrce « D and C mea " reducing 
Si^iil 3"? ^^"t.. starch-debranching enzyme 
cyclomaltodextrxn glucanotransf erase respectively 



SO 
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Example A-1 
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trehaloses. DE of about 8. which can be favorably used as sweetener, taste improving agent, quality improving aoent 

toT^Z j^ mPan 'r """I " 3 Vane,y ° f ^Po**™ ***** hod product, cosmetics and S 
to .ts mild and gentle sweetness, relatively low viscosity and appropriate moisture retainability. 



Example A-2 



nha T * p, °° a Starch ln ab ° ut 25% suspension was added with 0.1% against starch solid of "NEO-SPITASE" an al- 
pha-amylase commerc.al.zed by Nagase Biochemicals. Kyoto. Japan, reacted at 85-90'C for about 20 mfnutes auto- 
ctaved at 120'C and .mmediately cooled to obtain a liquefied starch solution of about DE4 which ^ft™.^ JSi 
100 unrts/g starch solid of pu.lulanase and 5 units/g starch solid of maltotetraose-forming m^TSSSS^ 
Hayashibara B.ochem.cal Laboratories. Inc.. Okayama. Japan, and reacted at P H6.5 and 50'C for 20 hours *SoS n a 
h.gh-malttf etraose content sacchartfication product. The product was heated to inactivated the enzymL plriSdTnd 
concentrated .n conventional manner to about 60%. A nutrient culture medium which had been prepared sSZ aX 

was placed n fermenter where Curtobacterium citreum (IF01 5231 ) was cultivated at 27»C for 72 hours similarlv asln 
Example A-1. The resultant culture was filtered to remove insoluble substances and the filtrate wTdeTotomd and 
de.on.zed for punf.cation in conventions manner and concentrated to about 60%. To elevate Ihe^^SE^ 
nde conten ,n the resultant concentrate as starting saccharide liquid, a co.umn chromatography o^O^SS- 
ly-ac.d.c cat.on exchange of calcium form, was conducted. The ion exchange resin was packed in 4 iacke ed-sta nless 
SrJj^T ' ,mer H d,a t meter ° f 5 4cm each ' which were ^en cascaded to give a totaMength of 20m Wh.tteetng 
the temperature jnside the columns at 55°C, they were added with 5 v/v % saccharide liquid against the res^ and 
.njected w. h 55-C water at SV0.2. followed by recovering fractions which contained noniiuSJiSiESS 
glucose po.ymenzat.on degrees of 4-6. The fractions were purified, concentrated, dried in vacuo aiJJJSSSSS 

lES^SST h a h !f non - reducin9 saccharide content a < th * y w 01 about e» ^SC^SS 

s a non-reduc.ng sacchar.de conta,n.ng alpha-glycosyl trehaloses. DE of 5.4. which can be favorably used as sweetener 

S p u » S I S5" ,,C • and medlcines dua to * s mi,d and 9entle swee,ness - re,ative * ^ ^ -pp-pSe 



Example A-3 



Cornstarch in about 30% suspension was added with 0. 1 % calcium carbonate, adjusted to pH6 5 added with 0 2°/ 

mark reacted at 95 C for 15 m.nutes, autoclaved at 120«C and immediately cooled to obtain a solution of liquefied 
ST? mlt° n P £ " Utrient CU ' ,Ure mediUm Which had been P r ^^ ^Harly as in Experiment ^except that 2 
^0 JS^JirT ammon !r c Chloride and 0 05 % magnesium phosphate heptahydrate were used in p£f 
^c^S^i^h a5 ^ /V% P e P t0n was P' aced in fermenterwhere Curt 0 bacterium C i,r fi . irn (,F015231 ) 
was cultivated at 27 C for 72 hours. The culture was then added with 10 w/v % liquefied starch as saccharide source 

oTe^kS^^^^, 300 r rtS/9 S K a ? aride >0Un!e SO "' d ° f iSOamylase a " d 2 ^ saccharide sour c r s ond 
pan oT^-?R S inn? T' b ° th P roducts of Hayashibara Biochemical Laboratories. Inc.. Okayama, Ja- 
Pure Chemical !ndu^~ ?h o ^T**™ aBer * a " ■Mph-nol po.yoxyethy.ene ether commercialized by Wakb 
Te hour^ThP «f r , ' f ka ' Japan> 1 ° m9/ ' CUltUre ° f eQ 9 whlte '^V™- and coated for additional 
48 hours. The resultant culture was filtered to remove insoluble substances and the filtrate was heated to inactivateThe 

T^rTSr ^ T 2 UnitS/9 S,arCh S ° lid ° f beta " am y' ase and further reac ted a « PH5 5 anS Cto ^ 6 ho Urs 

Si^Sd^n^^ ,0 inaCtiVa,e en2yme " deC ° IOred and dei ° niZed in conventional manner or pur f" 
ZT^eo^T^ Jt^T S SyfU t Pr0dUCtl concen,ration of ab °* 70%. at the yield of about 90% on dry so.id 
*«h !iohl P , , , u M dUC,n9 saccharide containing non-reducing saccharides such as alpha-glycosyl trehaloses 

□ue 10 .is mild and gentle sweetness, relatrvely low v.scosity and appropriate moisture retainability. 



Example A-4 



subiec^d ,o co^mn HZ 9 I ^ ° bCa " ,8d by thS me,h0d in Examp,e A " 3 was di,uled 10 ab °"t 55% and 

Smn, A , , chromatography on strongly-acidic cat.on exchange of salt form in accordance with the method in 
Example A-2 to .ncrease the content for non-reducing saccharides and fractions containing non-reducinq sacTha^es 

To£ C ^T nZaV, °: d69re S ° f 3 ' 6 WSre reC0Vered " P Urified " concentrated and ^5^3^eX^?5S 
product w.th a high non-reducng saccharide content at the yield of about 38% on dry solid basis. The pr^t is aT^ 
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^SS^i^^S^ TSZ °d n ° n ? dUC,n K 9 h SaCCharidSS SUCh 35 a'P^'osy. trehaloses and a,- 



Example A-5 



) 



Example A-6 



ucts, cosmetics and med.c.nes. as well as reagent and material for industrial and chemical uses. ^ 



Example A-7 



«jH*n?!r'" h * C *! a * d 'T"°" "" X " , ' e ° b ' ained by ,he m! " h ° d A-6 ««= added wtt, ,0 unils/o substrate 



substantially free of hygroscopicity and easily handleable 
Example A-8 



a i.queneo starch with about DE4. A nutrient culture medium which had been prepared similarly as in 
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»Ar % S8M emu,, of Rhfeobium sp«ies (PERM BP-4,», M cSS f^T ' If"* 1 1 

contained about 8 3 o /o trehalose Z^^^^^ -^S^^ t0 ,nactivate the en2v ™*- The filtrate 
for purification in conventional \^^^SS^^7°^ " M then deCOl ° red and deionized 

Example A-9 

p-aT™ 

saccharide liquid to column chromatography on "DOWEX £ a strong ^ Th t e P roduc ' wasa PP'^ as starting 
cross-linkage degree of 6%. commercial by The Dow ctmi ^C^Z^MrT" h^ 96 , ° f Ca,C '' Um 
for trehalose, followed by recovering trehalose f-rich ^kSvSf?" , " M, ° h ' 9an - USA ' »° elevate the content 
The fractions were then pooled deco ored and 6eia^Z7nT T™, 97% tr8ha '° Se OT dr * so,id basis - 

vacuo into a syrup with a r^Zrec^To^boTs o^ conve ™<™' manner, placed in evaporator and boiled in 

cosmetics and medicines. SW8e,ener W ' th an gent,e ^eetness m a var.ety of compositions including food products. 



Example 10 



enzyme, decolored and de S ^ reaCt ''° n miXtUre WaS then heated to ™<*"*° the 

tallizer. gradually cooled to l™M25^TteTnZ c C t ° nVent,0 " al manner ' concentrated to about 75%, placed in crys- 

resultanTmassecuite was e par ed sprted w!th Inlmf , I CentrifUge ^ the CryS,a,s in * e 

crystalline trehalose hydrate'*^ y S^^ thus ° b,ainin 9 a a hi 3""P^ity 

an extremely high purity which can be favorabhT utL?Z ? h , T P ^ ' S 3 cr y stalline ««halose hydrate with 

of compositions 9 inc P ,udi y ng S ^t^ ~« *•"*»' 33 ™» as « a 



Example B-l 
Sweetener 



homog^riToTplrb^ 

SugarRefiningCo.. LtdAokyo" * Sn and O^plrt by light o^ commercial by Toyo 

ester commercialized by Ajinomotolnc Tokvo jLan lnn T ASPARTAME ■ an "--aspartyl-L-phenylalanine methyl 

of sweetener The product has a "superi i^o^trl^ ^ ^ '° l ° ° b,ain a oranu,ar P roduc t 

of sucrose and itscaiorie I^^^^^T^^ 1 8 P °" W ^ that 

stability and free of decomposition of th "fngrec ^ JSS^E, h"^ ^ ^ ^ ^ Pr0dUCt ' S SUperi ° r in 

ingredients which exhibit high sweetening powers, it is suitable as low-calorie 
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• Example B-2 



Hard candv 



One hundred parts by weight of 55% sucrose solution was mixed with 30 Darts bv w«,«ht „t 
non-reducing saccharides obtained by the method in Examole A i V 9 ° f 3 SyrUp conta,nln 9 

a moisture content lower than 2% admixed wrth ol ^fZ ? f tm9, concentrated »V heating in vacuo to 

Example B-3 
Chocolate - 

to reduce particle sizes and kneaded in conche at 50°c ? or 2 d™«? n,?l^h ! J? « Wer8 m,X6d ' fed to refiner 



Example B-4 
Ch wing gum 



Example B-5 

Sweetened condensed milk 



obtalneXCmS^ tZZ^^^Z ^ " ^ °' * «"* saccharides 
on P ,a«e hi«.r!S^^^tSSZ canned"^ IT TT ^ ™ * ^ 



Example B-6 

Beverage containing lactic acid bactgria 



corner,, a, disclosed in JapanL P^eraK^f NoTm KsZ „ T f T 9 " ' PO ""*" " i9h ' ac ' oslJcrose 
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Example B-7 
Powdered iuice 



Example B-8 



Custard cream 



ness and superior taste. 
Example B-9 
"Uiro-no-moto 1 



mwfm^r^fm 



Example B-10 
"An (bean p aste)" 



mmrmsm 



Example B-H 
Bun 
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Example B-12 
Ham 



chlo^^T* T S by , Wei9ht ° f UPP6r PartS ° f pig 189 was uniformlv salted with 15 parts by weight of sodium 
in c^LT* Ti ? W6 ' 9 P ° taSSiUm nitratG P,,8d UP Chi,,ed place for one da V The resuttan, was s^ked 

packaged to obtain a product. The product is a high-quality ham with a m^ cti^ti^^^ 

Example 13 



Powdered peptide 



cializXTuifoirCo 9 ^ o'TI S "" 3 S ° ybean PePtidS m S °' Uti0n dir6Cted to use in P^ucts eo™^ 
oSnedby^^^^ 

Z . « Ine method m Example A-6. placed in plastic baths, dried at 50"C in vacuo and cut to obtain a nL ar 
sTch^ T P h The pradUct " which is -"P"**- taste and flavor, can be ^o^yl^a^sZ^nc^ecX^Z 
n q u,*~ 



Example B-14 
Powdered miso 



obtaSed ^S^J^JT° A T m ' X ! d . ^ 3 P3rtS by WSi9ht ° f Cf y stel,in « ^ehalose powder 

£Z™t y EXamp,S A " 9, P ° Ured in a p,uralit y of concaves on metal plate, allowed to standinq at ambient 

EES OVer "' 9ht f ° r SO,idification and P" 1 °« "om the plate to obtain miso soL. about 4g 

S^^S"" T, P ° Wder Pr0dUCt ^ be faV ° rably USed as seasonin9 in convenient Chined ^style nobles 
and suimono . a type of c.earsoup. While the misosolids can be used intact as confectionery, as we«. as solid seas^ng 

Example B-15 



Powdered egg york 



hv 2fl? 9 ? V ° r! paSt8Urized at 6 °- 64 ° C °" P ,a te heater and the obtained egg york liquid was mixed with 4 Darts 
weio^h oleeT^ ydr ° U H 7?f " treha ' OSe P ° Wder ° btained by the me,hod ' n ^P'* A-9 a^st one part Sy 

IS^e^^ 9 r^^ ? b, °t f0rm - 7,16 SOHd Pr ° dUCtS W9re then 1 ed to c "tting machine to obtain 
a powdered egg york The product can be favorably used as material for confectioneries such as mixes ice desserts 
and emulsifier, as we., as babies' food and nutriment for therapeutic uses including oral and parenteral £ uW 



Example B-16 
Cosmetic cream 



»p ra ,I W o P3 h S ? We ' 9ht ° f P 0, y° x y eth y |ene S^ol monostearate. 5 parts by weight of self-emulsifying glycerin monos 
A I one T*! y *T , a P ° Wder Wi ' h hi9h — d -ing saccharide content obtained by the ^TeZ^ 
tanate and 1 ' ^ ? ^a*** 1 ruti "' «• ^ by weigh, of liquid para.fin. 10 parts by weighTofTcaryT.hS 
bv welhTo, L EST5 \ am ° Un >! °' antiSeP ' iC W6re diSSOlVed by hea,in9 conventiona. manner arfded with 2 p^s 
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Example B-17 
Powdered ginseng extract 

Example B-18 
Solid agent 

adsorbed natural human interferon-afoha was elu Iri w£ ! 1 ? * e /h™™ serum albumin as stabilizer, and the 
trehalose hydrate obtained by JS^SKS JTScSJSS J^il^S^^^ »^ C0, ^ ir,9 5% W * , * urt * Cr * stal,ine 
was filtered through membrane. aX^.ha^^ The obtained ,i q uid 

commercialized by Hayashibara Biochemical Laboratories Inc X/ma ll 1 ~, h * crystalline maltose 
to tabletting machine to obtain tablets about 200mn T=^'J^ L . ^ P ' f ° r desiccatlon - Pulverized and fed 
on-alpha per tablet The prSucTca^^ L? 'T '"^ ^ 150 UnitS ° f natural human 

diseaL'meumatism.diSe^ 

lets/day/adult. Especially the oroduct can ho f J™Ihh! Z .! P a " y administ ered in a dose of 1-10 tab- 

have been rapidfyincreas ng CS2 vTstZ^^ f f^"' °' A '° S ^ hepatit ' S WhOSe incidences 
aliowed tostanding at ambien ^t temperaSre beiusfbol no « ^ ™" time period even 

and anhydrous crystalline nJSSS^S^ acc °^9 to the present invention 

Example B-19 

Sugar-coated tablet 

pullulan with an averaged molecular weTgh^f 200 So -Moal T !?, "r^' 6 A ' 8 ' 2 PartS by Wei 9 ht of 

and Sparts by weight of titanium oxide to g^eatout 2Mmf JrtnT f r 1 * Qht ° f ^ 25 P8rtS by Wei 9 ht of talc 
of 65 parts by weight of the same ^KlSESSXSi oni n« rt h "T^* 3 ""^ COatin9 Hquid COnsistin 9 
water and polished with liquid wax to Stein s!«r^K^ T * ° f PU " Ulan and 34 parts bv wei 9 nt of 

superior shoc k resistance^ ^SSS^ZSlSl ^ ^ V ^ ^ ^ 3 

Example B-20 
Dentifrice 

Formulation (parts by weight): 



Calcium hydrogen phosphate 
Pullulan 

Sodium lauryl sulfate 
Glycerin 

Polyoxyethylene sorbitan laurate 
Antiseptic 



45.0 
2.95 
1.5 
20.0 
0.5 
0.05 



Crystalline trehalose hydrate powder obtained by the method in Example A-5 



Continuation of the Table on the next page 
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10 



15 



20 



(continued) 



Maltitol 
Water 



12.0 
5.0 
13.0 



Example B-21 

Solid agent for liquid food 

of potassium chloride 4 panX^Jff^^ "J?,* T?" ° f 18 partS b * wei 9 n < 

sodium ascorbate. 0.6 parts by we^hto vtamT TZZZ? h „ fl by We '" 9ht ° f thiamin ' 01 P art * vveighi of 

25g aliquots which were ^n^Sti^^SZ or^f f Si* * ° f nicotinami ^ was divided into 

of the product is disso.vedT^ to ° btai " a P**"* One bag 

cavity, stomach or intestine for energy supp.eme^ion To ^g t^es adm.n.stered in the ora. or nasal 

Example B-22 



25 



30 



35 



40 



Infusion agent 

manner. Th'e product" T^^^^S!^ 22* ^ ^ S6a,ed c «™entiona. 

intraperitoneal administration. The p rol c ?!s 3nd SUitab,e f6r in,rave ™* ™J 

the concentration 2-fo.d more ener£ than * Z^^S^f ° f SUpP ' emen,in 9 at 

Example B-23 
Infusion agent 



45 



50 



55 



L-lsoleucine 


180 


L-Leucine 


410 


L-Lysine hydrochloride 


620 


L-Methionine 


240 


L-Phenylalanine 


290 


L-Threonine 


180 


L-Tryptophane 


60 


L-Valine 


200 


L-Arginine hydrochloride 


270 


L-Histidine hydrochloride 


130 


Glycine 


340 



intra^oufand' ^^^^^^^ ^/f^ * «™ ««« a "' bly administrate through 

saccharide and amino acS The b^^^^ ,, ^ r,,, ^ ' hiS ^ °' c °-P°*«ion of 

bodies. P Ut 03,1 bS ' aVOrably US8d to ^PPlement both energy and amino acids to living 
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Example B-24 

Ointment for tr atinq external injury 



10 



then with 200 parts by weight of 10 w/v V a au^Z in,. ^ ■ ? ,ne 50 partS by wei 9 ht of methanol, 
extensibility and adheLenes Th use ^r^TXTZ2 T T'" 8 " ° intmem ^ " aPPr ° Priate 
because the iodine and trehalose in thJ nZiZTZt SUp6n ° r,y heals extemal ln J unes ln a shortened treatment period 
respectively. Pr ° dUCt aCt as d,sinfect ^t and energy supplementing agent to viable cells 



Effect of the invention 



which contain one or more reducing starch hydro lysates wilh a luL^r T '"^ en2yme ln nutrient cul,u '° ™dia 
itating the industrial-scale production o^n redS de9re8S ° f 3 ° r highen thUS facil " 

The yields from starch for both non-reduc^^ 

Pha-glycosides and/or trehalose, and ^S^^S^^JS^ treha, ° SeS ' ^ 
ploying a method where a solution of Italian Sacchar,cles coni ^ng the same are extremely elevated by em- 

br/ncSng enzyme -tk^cXS^^ enZT^ * * 

^^^^^ 

the presentation cJZZ££2Z££^£Z 'll^^T^^"^ *" * 
shape imparting agent in a variety of compositions ^^^^ Stabili2erand 

worc^uTtoTg^ 
-ceutica,^^ 



Claims 
1 



with g,ucos 9 e po^rt^r^ - 3^J^ " ^ redUC ' n9 ^ ^ys^ss 

2 - siscfis^ s~csr? partiai starch hydro,ysates are ° btainab,e » «*- 

ferase in or not in culture mediurT ^rch-debranch,ng enzyme and/or cyclomattodextrin glucanotrans- 

polymerization degree of 3 or hfgher ' " CaP8b,e °' '° rmin9 3n °"*««*"^ with a glucose 
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structure and a non-reducing saccharide which bears within its molecule a trehalose structure. 
7. A less reducing saccharide which contains the non-reducing saccharide of claim 1 . 

* * ™1 P £™^^^ — censing: 

^collecting tan ,h. cu„ure ,h. resultant non-reducing saccharide o, less reducing saccharide containing ,ha 



same. 



JSEZSZT" a *-* 3 % <* "™ reducing pan*, starcn hydrolyeat. Is Incorporated in m. nutrient 

13. The process ol claim 8, where* the cuttlvation ie conduced m batch, continuous or semlcontinuous manner 

14. The processors, wherein theculturaie^e^^ 

16. A composition, which contains the non- or less-reducing saccharide of claim 1 or 7 
18. The composition of claim 16, which is a food product, cosmetic or medicine. 
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FIG.4 
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